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Objectives
.
This study was performed to determine eleetroear-
diographlc (ECG) features that could distinguish first diagonal
branch occlusion from left anterior descending coronary artery
occlusion.
Background
. The ECG findings associated with first diagonal
branch obstruction have not previously been compared with those
of lent anterior descending coronary artery obstruction .
Methods. The ECG findings in 34 patients with isolated dog .
onai bran : eo3_son (group 9) were compared with those in ZO
patients with occlusion at site 6lgroup 6) and 20 with occlusion at
site 7 (group 7), according to American Heart Association dassi-
6catian . This study had a power >80% to detect a 50% difference
between groups at a probability value of 0
.05.
Result. ST segment elevation was observed in leads 1 and aVL
far all group 9 patients, in 80% (p < 0.05) of group 6 patients for
lad I and 90% for lead aVL and in 50% (p < 0 .01) of group 7
patients for had I and 55% (p < 0 .01) for lead aVL . Siroi,arly,
Because reperfusion therapy is now widely used in acute
myocardial infarction, identification of the culprit lesion
before treatment is essential . Acute first diagonal branch
obstruction usually produces a limited infarct with a good
prognosis. In contrast, acute proximal left anterior descend-
ing coronary artery obstruction causes a considerably larger
infarct and is frequently associated with severe hemody-
namic deterioration. Therefore, distinguisning first diagonal
branch obstruction from left anterior descem.mg coronary
artery occlusion is important with regard to selection of the
appropriate treatment strategy and estimation of the prog-
nosis .
However, although previous investigators (t-4) corre-
lated the standard 12-lead electrocardiographic (ECG) find-
ings in acute myocardial infarction with the postmortem
infarction location, none of them developed criteria for
distinguishing isolated first diagonal branch occlusion from
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there was a higher incidence of abnormal Q waves and inverted T
waves in leads 1 and aVL in group 9 than in groups 6 and 7 . [a
contrast, group 9 showed a signincaolty lower incidence of ST
segment elevation
(3 .4%), abnormal Q waves (3 .0%) and inverted
T waves (05'0) in lead Vr than group 6 (80%, 40% and 90',x0,
respectively) and group 7 (75%,60% and 70%, respectively) (p <
0.01 for each). Multivariate analysis revealed that abnormalities
in leads I and aVL, combined with a normal lead V 1 (and V 4),
provided goad criteria for distinguishing isolated diagonal branch
occlusion from left anterior descending coronary artery occlusion
.
Conclusions
.
Isolated diagonal branch occlusion more fre-
quently caused FCC abnormalities in leads I and aVL and less
frequently caused changes in the firm .-dial leads compared with
left anterior descending coronary artery obstruction, indicating
that leads I and aV6 represent myocardium perfused by the
diagonal branch.
(J Am Call Cardiol 1994;23 :1357-61)
proximal tell anterior descending coronary artery occlusion .
Only a 1'ew reports (5,6) touch on isolated first diagonal
branch obstruction. and none of them compared the ECG
findings of first diagonal branch obstruction with left anterior
descending coronary artery obstruction. Accordingly, this
study was performed to determine ECG features that could
distinguish first diagonal branch occlusion from left anterior
descending coronary artery occlusion .
Methods
Patients . From October 1983 to March 1992, 34 patients
(33 men, I woman ; mean ['_SD] age 57 .8 t 13 .5 years, range
30 to 73 years) were admitted with acute isolated first
diagonal hranch occlusion (group 9) . All patients underwent
predischarge coronary angiogmphy, and complete occlusion
of the first diagonal branch was confirmed .
The standard 12-lead ECG findings in these patients were
compared with those in 20 patients with culprit lesions al
location 6 according to the American Heart Association
classification (7) (i .e
.,
left anterior descending coronary
artery proximal to and including the origin of the first major
septa) perforator branch [group 61) and in 20 patients with
lesions at location 7 (i .e., left anterior descending coronary
artery immediately distal to
origin of the first major serial
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perforator branch and extending
the point where the left
anterior descending coronary
artery forms an angle and
often, but not always, coinciding with or close to the origin
of the second diagonal branch [group 71)
. Patients with
multivessel disease were excluded from the study . Patients
in groups 6 and 7 with lesions not involving the diagonal
branch (group 67g, 17 patients) were also compared with
patients in group 9
. Group 7 was divided into patients with
lesions involving (group 7, 5 patients) or not involving
(group 70, 15 patients) the diagonal branch
.
Eteetrorardiogrophy . A 12-lead ECG was recorded in the
acute phase (<24 h after onset of symptoms) and in the
chronic phase (27.4 ± 3.6 days after infarction) .
We analyzed the features of ST segment elevation, Q waves
and negative T w aves . ST segment elevation was defined as an
ST segment >0
.05 mV above baseline in the limb leads and
>0.) mV above baseline in the precendial leads. Q waves were
indeed to be present when they persisted for >30 ms
.
Negative T waves were defined as T waves > -0.2 mV .
Left ventrieulography and myncardid sctodpaphy . To
clarify the infarct location and size, we performed predis-
charge left ventriculography in the 3DR right anterior oblique
projection. Wall motion abnormalities were evaluated ac-
cording to the American Heart Association classification
(7) .
Thallium-201 planar myocardial scintigraphy was also
performed to evaluate the location and extent of infarction .
and the findings were compared with the ECU findings
.
StaIWks . The chi-square test was used
for univariate
analysis to compare the prevalence of abnormal
ECG find-
ings between groups. The sample size of this study has a
power of >80% at p = 0.05 to detect 50% differences
between groups.
We also performed stepwise linear discriminant multi-
variate analysis using a personal computer (NEC
PC9801VX, NEC Co . Ltd.) and a proprietary software (8)
(Statistical Package for Personal Computer written in
BASIC, Kyoritsu-Shuppan Co. Ltd
.). In this analysis, the
dependent variables were the varioes infarction groups .
Because leads I and aVL showed a similar prevalence of
abnormalities in univariate analysis, lead aVL was selected
for multivariate analysis to avoid multicollinearity of the
variables . For the same reason, leads V I and V6 were
selected from among the precordial leads
. As a result, the
independent variables used were the ECG findings of leads
aVL, V I and V6. A p value < 0.05 was considered statisti-
cally significant.
Results
Left ventticulography and myocardial scintigraphy, A re-
duction in segment 2 wall motion was observed in all patients
in groups 9 and 6 but in only 50% (p < 0 .01) of group 7 (Fig.
IA). In contrast, only 9% of group 9 showed a reduction in
segment 3 wall motion, whereas this was observed in 100%
(p < 0 .01) of both groups 6 and 7.
Group 9 showed decreased thallium-201 uptake in the
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titre l . A, Incidence of reduced regional wall motion on left
ventriculograaphy in group 9 (32 patients), group 6 (70 patients) and
group? (20 patients). tap < 0 .01 .9. Incidence ofregional defects on
thallium-201 planar imaging in group 9 (27 patients), group 6 (19
patients) and group 7 (20 patients)
.
ap < 0
.05; tap < 0.01. Hated
bus ~ group 9 ; cruu-adetea bars = group 6; rpm bass - group 7 ;
Sell = segment.
anterior wall (14.8%), septum (3 .7%) and arson (3 .7%) (Fig
.
I B), whereas decreased uptake in these regions was sign t-
cantly more common in groups 6 and 7 (p < 0.01 or p < 0.05,
as indicated in Figure 1B) .
ST segment elevation In
the aerie phase. Figure 2 shows
representative 12-lead ECG records for one patient from
each group obtained in the acute phase . Lead I showed Sr
segment elevation in all group 9 patients, whereas ST
segment elevation was found in 80% and 50% of group 6 and
7 patients, respectively (Fig . 3A) . Group 9 showed a signif-
icantly higher prevalence of ST segment elevation in lead I
than the other groups (p < 0.01). Similarly, ST segment
elevation in lead aVL was found in all group 9 patients, and
this group showed a higher prevalence of ST segment
elevation than group 7 (55%. p < 0.01). Although the
difference in the incidence of ST segment elevation in lead
aVL between groups 9 and 6 did not reach statistical
significance, group 6 patients showed a lower incidence of
ST segment elevation (90%). In contrast, the precordial
leads (V I to Vs) showed ST segment elevation in 3 .4% to
31% of group 9 patients compared with 80% to [00% of
group 6 patients (p < 0.01) and 75% to 100% of group 7
patients (p < 0.01), respectively .
Abnormal Q waves in the chtunle phase
. In lead 1, abnor-
mal Q waves were significantly more common in group 9
(44%) than in group 7 (5%, p < 0 .05) (Fig. 3B). Although the
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Figure 2. Representative 12-lead eleclrocadiogrtphic tracings in
the acute phase from (A) a group 9 patient, (BI a group 6 patient and
(CI a group 7 patient . In the group 9 patient, ST segment elevation
is apparent in limb leads I and nVL . whereas it is only found in leads
V J
in the chest leads. In the a *oup 6 patient, ST segment elevation
is not only present in leads I and aVL but also in the chest leads
. The
group 7 patient shows ST segment elevation predominantly in the
chest leads.
difference in the incidence of abnormal Q waves in le . I I was
not significant between groups 9 and 6, group 6 patients
showed a lower incidence (20%). Similarly, the prevalence
of abnormal Q waves in lead aVL was significantly higher in
group 9 497%) than group 6 (70%, p < 0 .05) and group 7
(20%, p < 0.01). In contrast, leads V, to V4 showed Q waves
in 3% to 12% of group 9 compared with 40% to 95% (p <
0
.01) of group 6 and 607 to 85% (p < 0 .01) of group 7 .
Negative T waves in the chronic phase. In lead aVL,
negative T waves were significantly mote common in group
9 (100%) than in group 7 (65e% .
P
< O.01(Fig . 3C) . Although
negative T waves in lead I tended to be more common in
group 9 than groups 6 and 7, there were no significant differ-
ences . Negative T waves in leads V, to V4 were significantly
less common in group 9 (0% to 47%) compared with group 6
(90% to 100%, p < 0.01) and group 7 (707 to 100% . p < 0.01)
.
Muhlvnriate analysis. Table I shows the results of step-
wise linear multiple discriminant analysis. Multivariate anal-
ysis repeated that ST segment elevation in lead aVL (p <
0.01), lead V, (p < 0 .01), and lead V6 (p < 0.01) contributed
significantly to distinguishing group 9 from groups 6 and 7
.
Similar results were obtained with regard to abnormal Q waves
and negative T waves . In addition, leads aVL (p < 0.01) and V 1
(p < 0.05) significantly contributed to distinguishing group 9
from group 67. patients (Table 2) . Because lead aVL showed
no significant difference in abnormal ECG findings between
IWASAKI ET Al .
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Figure 3
. A, Incidence of ST segment elevation in each lead in the
acute phase in group 9 (29 patients), group 6 (20 patients) and group
7 (20 patients). B, Incidence of abnormal Q waves in the chronic
phase in group 9 (34 patients), group 6 (20 patients) and group 7 (20
patients) . C, Incidence of negative T waves in each lead in the
chronic phase in group 9 (35 patients), group 6 (20 patients) and
group 7
(20
patients) . "p < 0
.05; cup
< 0.01
. Symbols as in Figure 1 .
groups 9 and 7, multivariate analysis selected lead V I (p <
0.01) (and lead V
0),
which significantly contributed to distin-
guishing between groups 9 and 79 (Table 3)
.
Discussion
The present study suggested that leads 1 and aVL repre-
sent myocardium perfused by the diagonal branch .
Infarct site . Because all of our patients survived and the
infarct site could not be evaluated at autopsy, the infarcted
region was determined by left ventriculography and thallium-
201 myocardial scintigraphy . In patients with isolated diag-
onal branch obstruction, a reduction in wall motion was
1560
	
I WASAKI LT AL. JACC V.L 23. No. 7
ECG FINDINGS IN FIRST DIAGONAL BRANCH OBSTRUCTION hint 1994:1557-6t
Table 1
. Results of Linear Multiple Discriminant Analysis
Distinguishing Study Groups 9, 6 and 7
F = 32.71 (p < 0.01): percent correct = 96 .6% (group 9), 85.0% (group
6) .45 .0% (group 71. tF = 28.00(p < 0.01) : percent correct = 97.1% (group 9).
60.0% (group 6). 70.0% (group
7). $F
-
30.70 (p < 0.011
:
percent correct =
100%
(group
9). 80.0% (group 6). 35.0% (group 7). FCC = ekcrocaedio-
graphic.
generally limited to the anterolateral wall, and apical wall
motion was not disturbed (Fig . IA). Similarly, thallium-201
myocardial scintigraphy showed decreased uptake in a lim-
ited anterior zone of the myocardium in group 9 patients
(Fig . I B). These results strongly suggested that the abnormal
ECG findings reflected an infarct zone perfused by the fist
diagonal branch, even though autopsy findings were not
available for confirmation
.
Infarct location and ECG findings in leads I and nVL. On
the basis of old studies performed before 1950 (1,4,9), leads
I and aVL have long been considered to represent the high
lateral or lateral wall of the left ventricle. However, these
earlier studies were performed entirely at autopsy, and it is
Table 2 . Results of Linear Multiple Discriminant Analysis
Distinguishing Groups 9 and 67,
ECG
Lead Partial F Value p Value
F
= 80.69 (p < 0.01)
: percent w=t
= 100%
(group 9), 73.3% (group
670.1F = 85 .19 (p < 0.01) ; percent correct = 97 .0% (group 9), 86 .7% (group
670. tF=92.55 (p < 0.01): percent coned=
100% (group9), 82.0%(Ipoup670
.
ECG = electraardiog,aphic .
Table 3. Results of Linear Multiple Discriminant Analysis
Distinguishing Groups 9 and 7,
F = 24.85 (p < 0
.01)
; percent correct = 96.6% (group 91 .71 .4% (group
7,1. tF = 11.87 (P < 0.01): percent correct = 93 .1% (gnmp9), 71.4% (group 7,).
$F = 43.12 (p < 0.01): percent connect = 10075 (group 9). 57.1% (group 7,) .
ECG = ela0aardiogmphic .
now well known that isolated high lateral infarction has a
relatively good prognosis (5). Thus, the patients in these
earlier studies might have had larger infarcts than those in
the present study, accounting for the different results . In 20
patients with angiographically confirmed isolated obstruc-
tion of the left circumflex coronary artery, which perfuses
the lateral wall of the left ventricle, we found that ST
segment elevation was uncommon in leads I and aVL (0%
and 5.6%, respectively). A similar low incidence (4,6 and
8%,
respectively) has been reported by Blanke et al . (10),
and a lov. ;ncidence ofabnormal Q waves in leads f and aVL
was also found in left circumflex coronary artery obstruction
(11,12)
. These recent angiographic results and our present
findings indicate that leads I and aVL do not represent the
high lateral or lateral walls of the left ventricle .
Instead, it appears that leads I and aVL represent the area
perfused by the first diagonal branch. Warner et al . (13) have
suggested that abnormal Q waves in leads I and aVL reflect
the infarction of the apical region rather than the lateral wall .
However, most of their patients also had abnormal Q waves
in the precordial and inferior leads, suggesting that the
infarcts were larger than in cur study .
Left anterior descending coronary artery obstruction
sometimes also involves the diagonal branch and might thus
modify the usual
ECG differences between left anterior
descending coronary artery and diagonal branch obstruc-
tion. However, our discriminant analysis distinguishing iso-
lated first diagonal branch obstruction from isolated left
anterior descending coronary artery obstruction confirmed
that lead aVL was the essential lead representing the ante-
rior wall perfused by the first diagonal branch (Table 2) .
Both univariate and multivariate analysis indicated that
isolated diagonal branch occlusion produces abnormalities in
leads I and aVL but no changes in the precordial leads,
whereas abnormalities predominantly affecting precordial
leads are produced by left anterior descending coronary
artery occlusion . In addition, multivariate analysis showed
Acute ST Segment Elevation'
aVL
V,
109.855
6.135
< 0 .01
< 0 .05
Chronic Abnormal Q Wavest
aVL
V,
31.565
13 .708
< 0.01
< 0.01
Chronic Negative T Wavest
V,
aVL
83 .228
15 .371
< 0.01
< 0.01
ECG
Lead Fanial F Valuc p Value
Acute ST Segment Elevation-
V,
V,
42.123
6.600
< 0.01
< 0.05
Chronic Abnormal Q Waves)
V,
Va
16.409
9.776
< 0.01
< 0.01
Chronic Negative T Waves$
V, 43
.122 < 0 .01
ECG
Lead Partial F Value p Value
Acute ST Segment Elevation-
V,
aVL
V„
104 .636
7 .167
5 .056
< 0 .01
< 0 .01
< 0 .01
Chronic Abnormal Q Wavest
V,
uVL
V,
50 .913
16 .114
2 .491
< 0 .01
< 0 .01
< 0.05 . < 0.01
Chronic Negative T Waves$
V,
aVL
64 .052
5 .738
< 0
.01
< 0.01
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that
ECU findings
could
discriminate isolated first diagonal
branch obstruction from loft anterior descending coronary
artery occlusion with a high degree
of
accuracy (Tables I
and
2) . These findings may be helpful for selecting the appropri-
ate reperfusion modality after myocardial infarction .
Study limitations. The ECG changes were evaluated
qualitatively
in the present study, that is, the actual
ST segment
voltage, Q wave depth, and inverted T wave depth were not
used. However, discriminant analysis using the presence or
absence of each ECG abnormality as independent variables
suggestedlhat our qualitative analysis had a high sensitivity for
distinguishing isolated first diagonal branch occlusion from left
anterior descending coronary ar, ^ry occlusion .
Summary . Isolated diagonal branch occlusion produced
more frequent ECG abnormalities in leads I
and aVL and
fewer changes in the precordiai leads compared with left
anterior descending coronary artery occlusion . indicating
that leads 1 and aVL
represent myocardium perfused by the
diagonal branch-
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